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Description 



METHOD FOR FABRICATING A MASK 

ROM 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The invention relates to a method for fabricating a mask 
ROM, and more particularly, to a method for fabricating a 
buried bit line of a mask ROM. 

[0003] 2. Description of the Prior Art 

[0004] a read-only memory (ROM) is a nonvolatile memory where 
information is permanently stored through the use of cus- 
tom masks during fabrication. Mask ROMs with buried bit 
lines (flat cell) are the most popular types of ROM. Con- 
ventionally, the buried bit lines are formed by doping im- 
purities into the substrate through a bit line mask. A 
high-dosage ion implantation process is used to reduce 
the buried bit line sheet resistance. When the integration 
increases, i.e. a smaller device size, the buried bit line 



width, namely the channel critical dimension (CD) also 
shrinks. Therefore, when the wafer is subjected to high 
temperature conditions in subsequent processing steps, 
the doping impurities within the buried bit lines will dif- 
fuse outwardly and towards one another causing punch- 
through to take place between adjacent buried bit lines. 
[0005] | n order to prevent the punch-through phenomenon be- 
tween adjacent buried bit lines, a conventional cell punch- 
through (CPT) ion implantation process through a CPT 
mask is performed to isolate the adjacent buried bit lines 
and to prevent the diffusion of impurities from the buried 
bit lines. Fig.l to Fig. 2 are schematic diagrams of a con- 
ventional method for fabricating buried bit lines 20 of a 
mask ROM. Referring to Fig.l, a semiconductor substrate 
10 comprising a P-type well 12 is provided. Firstly, the 
surface of the semiconductor substrate 10 is thermally 
oxidized to form a pad oxide layer 14 with a thickness 
between 125 and 250 angstroms (A). A photoresist layer 
(not shown) is coated on the pad oxide layer 14 and pat- 
terned as is conventional in the art to form a photoresist 
mask 16 having openings where buried bit lines 20 are to 
be formed within the semiconductor substrate 10. An ion 
implantation process 18 is performed through the pho- 



toresist mask 16. Typically, arsenic (As) ions are im- 
planted at a dosage of between 1.5xl0 15 and 3x10 
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atoms/cm and at an energy level between 40 and 80 
KeV to form the buried bit lines 20 within areas of the P- 
type well 12 which are not shielded by the photoresist 
mask 16. 

[0006] Referring to Fig. 2, a CPT halo implantation process 22 is 
performed through the photoresist mask 16 to form halo 
regions 24 within the P-type well 12 encompassing the 
buried bit lines 20. A typical CPT halo ion implantation 
process 22 implants boron (B) ions at a dosage between 
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1.2x10 and 1.5x10 atoms/cm and at an energy level 
between 100 and 140 KeV. This results in longer lateral 
diffusion areas 24, which encompass the buried bit lines 
20. The lateral diffusion areas 24 are used to isolate the 
adjacent buried bit lines 20. 
[0007] Th e conventional CRT halo ion implantation process 22 is 
utilized to form the halo regions 24, encompassing the 
buried bit lines 20 for reducing punch-through phe- 
nomenon between the adjacent buried bit lines 20. How- 
ever, when the mask ROM dimension shrinks, the width of 
each buried bit line also shrinks and the sheet resistance 
of the buried bit line increases. In addition, the punch- 



through voltage between the adjacent buried bit lines be- 
comes unacceptably low. Therefore, the high-dosage and 
the CPT halo ion implantation process 22 are not suitable 
for preventing punch-through phenomenon between the 
adjacent buried bit lines 20. 
[0008] Another method for forming a lightly doped drain (LDD) 
by utilizing a polysilicon spacer as a mask is used to fab- 
ricate the word lines. Since the polysilicon spacer is diffi- 
cult to remove, this method is unsuitable for the fabrica- 
tion of the buried bit lines. As the integration of the IC 
and the shrinkage of the channel critical dimension con- 
tinue, a method for fabricating a buried bit line of a mask 

ROM that can reduce the hot carrier effect is desired. 
Summary of Invention 

[0009] it is therefore an objective of the claimed invention to 

provide a method of fabricating buried bit lines of a mask 
ROM for reducing electric field strength between the adja- 
cent buried bit lines and preventing punch-through phe- 
nomenon between the adjacent buried bit lines. 

[0010] According to the claimed invention, the method for fabri- 
cating a buried bit line of a mask ROM includes providing 
a semiconductor substrate with a photoresist layer and 
patterning the photoresist layer to form a photoresist pat- 



tern. A first ion implantation process is performed to form 
a first doped region in the semiconductor substrate not 
covered by the photoresist pattern. Then, an organic layer 
is coated on the photoresist pattern and the semiconduc- 
tor substrate, and an etching process is performed to 
form an organic spacer at two sides of the photoresist 
pattern. Finally, a second ion implantation process is per- 
formed to form a second doped region in the semicon- 
ductor substrate not covered by the photoresist pattern 
and the organic spacer, and the photoresist pattern and 
the organic spacer are stripped. 

[° 01 1 ] It is an advantage of the claimed invention that the or- 
ganic spacer can be easily removed after forming the 
buried bit lines so that the channel critical dimension can 
be effectively reduced. 

[0012] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0013] Figs.l and 2 are schematic diagrams showing a method 
for fabricating buried bit lines of a mask ROM according 



to the prior art. 

[0014] Figs. 3 to 9 are sequential schematic diagrams showing a 
method for fabricating buried bit lines of a mask ROM ac- 
cording to the present invention. 
Detailed Description 

[0015] pig. 3 to Fig. 9 are schematic diagrams for fabricating 

buried bit lines of the mask ROM according to one pre- 
ferred embodiment of the present invention. Please refer 
to Fig. 3. A semiconductor substrate 30 comprising a P- 
type well 32 is provided. The surface of the semiconduc- 
tor substrate 30 is thermally oxidized to form a pad oxide 
layer 34 with a thickness normally between 125 and 250 
A. A photoresist layer (not shown) is coated on the pad 
oxide layer 34 and patterned as in the art to form a pho- 
toresist pattern 36. 

[0016] please refer to Fig. 4, a first ion implantation process 38 is 
performed to form a first N-type or P-type doped region 
40. The first doped region 40 is a lightly doped drain 
(LDD) region within the P-type well 32 not covered by the 
photoresist pattern 36. 

[0017] After forming the LDD region 40, as shown in Fig. 5, a hot 
treatment process 42 is performed to harden the photore- 
sist pattern 36. Typically, the hot treatment process 42 is 



an UV curing process or a hot plate process. The photore- 
sist pattern 36 is hardened for the following coating and 
etching processes. As shown in Fig. 6, a conformal organic 
layer 44 is coated on the thermally treated photoresist 
pattern 36. Typically, the material of the organic layer is a 
bottom anti-reflective coating (BARC). An etching back 
process is performed to etch the organic layer 44, so as to 
form an organic spacer 46, as shown in Fig. 7. The organic 
spacer 46 on each sidewall of the photoresist pattern 36 
covers portions of the LDD regions 40. The etching back 
process is generally a dry etching process. 
[0018] please refer to Fig. 8. After forming the organic spacer 46, 
a second ion implantation process 48 is performed to 
form a second doped region 50. Typically, the second 
doped region is an N + doped region. Preferably, N type 
ions are implanted into the area that is not masked by the 
organic spacers 46 and the thermally treated photoresist 
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pattern 36 at a dosage of between 1x10 and 1x10 

2 

atoms/cm and at an energy level of between 50 and 100 
KeV. As shown in the cross-sectional view in Fig. 8, two 
ends of the LDD regions 40 are shielded by the organic 
spacers 46 during the second ion implantation. The ion 
concentration at two ends of the LDD region 40 will be 



kept different from that at the second doped region 50. 
The low-dosage N + doped regions positioned at two sides 
of the buried bit lines formed by utilizing the organic 
spacer 46 as the mask are used to prevent the punch- 
through phenomenon between the adjacent buried bit 
lines. 

[0019] Referring to Fig. 9, the photoresist pattern 36, the organic 
spacer 46, and the pad oxide layer 34 are stripped. A gate 
oxide layer 52 with a thickness normally between 90 and 
150 A is formed on the semiconductor substrate 30. A 
polysilicon layer (not shown) is formed on the semicon- 
ductor substrate 30 and patterned to form a polysilicon 
gate, functioning as a word line 54 of the mask ROM. 

[0020] | n comparison with the conventional techniques, the 

present invention utilizes the region comprised of the LDD 
regions positioned at two sides of the doped region and 
the doped region as the buried bit lines of the mask ROM 
for reducing the buried bit lines electric field strength ef- 
fectively and for reducing the hot carrier effect. The LDD 
region increases the punch-through voltage and prevents 
the punch-through phenomenon between the adjacent 
buried bit lines. In the present invention, the organic 
spacer is utilized to shield the LDD region while implant- 



ing ions. The photoresist pattern and the organic spacer 
are easy to strip; facilitating the following word lines pro- 
cess. 

[0021] Those skilled in the art will readily observe that numerous 
modifications and alterations of the claimed method may 
be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 



